Received: 17 October 2017

Revised: 29 November 2017

Accepted: 5 December 2017

DOI: 10.1002/clc.22867

REVIEW

{DprevenTiON  WILEY

Acromegalic cardiomyopathy: Epidemiology, diagnosis,

and management

Ajay N. Sharma® | Marilyn Tan? | Ezra A. Amsterdam® | Gagan D. Singh®

1School of Medicine, University of California
Irvine, Irvine, California

2Department of Medicine, Division of
Endocrinology, Stanford University School of
Medicine, Stanford, California

3Divison of Cardiovascular Medicine,
University of California Davis Medical Center,
Sacramento, California

Correspondence

Gagan D. Singh, MD, Assistant Professor,
Division of Cardiovascular Medicine,
University of California Davis Medical Center,
4860 Y Street, Suite 2820, Sacramento, CA
95817

Email: drsingh@ucdavis.edu

Acromegalic cardiomyopathy is the leading cause of morbidity and all-cause mortality in patients
with acromegaly. Though acromegaly is a rare condition, the associated derangements are vast
and severe. Stemming from an increase in circulating growth hormone (GH) and insulin-like
growth factor-1 levels (IGF-1), acromegalic cardiomyopathy results in pathological changes in
myocyte growth and structure, cardiac contractility, and vascular function. These molecular
changes manifest commonly as biventricular hypertrophy, diastolic and systolic dysfunction, and
valvular regurgitation. Early recognition of the condition is paramount, though the insidious pro-
gression of the disease commonly results in a late diagnosis. Biochemical testing, based on IGF-1
measurements, is the gold standard of diagnosis. Management should be centered on normalizing
serum levels of both IGF-1 and GH. Transsphenoidal resection remains the most cost-effective
and permanent treatment for acromegaly, though medical therapy possesses benefit for those
who are not surgical candidates. Ultimately, achieving control of hormone levels results in a severe
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1 | INTRODUCTION

Cardiac complications associated with acromegaly are collectively
known as acromegalic cardiomyopathy and involve nearly all aspects
of the cardiovascular system: myocyte and intercellular myocardial
composition, systolic and diastolic ventricular function, valvular heart
disease, and heart electrical disturbances. The fundamental physio-
logic derangement in acromegaly is a pathologically elevated serum
concentration of circulating growth hormone (GH) and insulin-like
growth factor-1 (IGF-1), most commonly produced by a pituitary
tumor.? Because the diagnosis of acromegaly is often delayed by
many years due to insidious progression of the disease process, the
necessity of early recognition and management is paramount to avert

chronic cardiovascular damage.

2 | EPIDEMIOLOGY

Acromegaly is a relatively rare condition with a prevalence of approx-
imately 60 cases per million and an incidence of 3 to 4 new cases per

million per year in the United States.? The slow progression of

reduction in mortality rate, underscoring the importance of early recognition and treatment.

Acromegalic Cardiomyopathy, Acromegaly, Diagnosis, Epidemiology, Clinical Manifestations,

acromegaly leads to a diagnosis 4 to 10 years after onset, at an aver-
age age of 40 years in both men and women.® Though males and
females are equally affected, younger patients tend to possess more
aggressive tumors and consequently have higher GH concentrations.®

Increases in GH and IGF-1 result in facial, extremity, cardiac,
rheumatologic, respiratory, and metabolic derangements.* Though
acromegaly possesses a wide range of characteristic symptoms, acro-
megalic cardiomyopathy specifically refers to the associated cardiac
conditions of the parent disease. Although only two-thirds of patients
show evidence of cardiomyopathy at the time acromegaly is diag-
nosed, about 90% of patients will develop cardiomyopathy in their
lifetime.® In a study of 37 patients, the most common cardiac compli-
cations were left ventricular hypertrophy (56.8%), diastolic dysfunc-
tion (51.4%), and hypertension (87.5%).6

3 | PATHOGENESIS

GH production is stimulated by a variety of signals, including growth
hormone-releasing hormone (GHRH) and is suppressed by somato-

statin signaling. Most acromegalic patients have a growth hormone-
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secreting pituitary adenoma.” In rare cases, excess GHRH can origi-
nate from a neuroendocrine tumor or hypothalamic tumor, but
ectopic GH can also derive from a different tumor, such as a bron-
chial carcinoid tumor. Elevated GH stimulates the liver to synthesize
increased IGF-1, a mediator of muscle growth, which contributes to
the somatic manifestations of the disease.®

The GH/IGF-1 axis influences 3 major aspects of the cardiovas-
cular system: myocyte growth and structure, cardiac contractility, and
vascular function (Figure 1). The major processes of myocyte growth
regulation include an increase in amino acid uptake/protein synthesis,
cardiomyocyte size, and cardiac muscle gene expression.! The level
of serum GH/IGF-1 activates cardiac growth in a parallel fashion,
resulting in a characteristic, biventricular hypertrophic response.”
Overexpression of IGF-1 independently increases the transcription of
major cardiac muscle-specific genes, including troponin 1, myosin
light chain-2, « actin, and IGF1-binding protein, leading to fibrosis
and sarcomerogenesis.? IGF-1 in particular promotes collagen synthe-
sis by fibroblasts, whereas GH increases the rate of the cardiac colla-
gen deposition.! With this interstitial remodeling, ventricular
relaxation is impaired, eventually resulting in initial diastolic dysfunc-
tion and ensuing systolic dysfunction.’® Furthermore, the inhibitory
influence of IGF-1 on apoptosis prevents myocyte loss, adding to the
development of an acromegalic heart when present in excess.!! In
addition to possessing both GH and IGF-1 receptors, myocardium
and endothelium can produce IGF-1 as a result of a GH-mediated
autocrine and paracrine response, thus exacerbating the effects of a
GH-producing tumor.©

GH/IGF-1 affects cardiac contractility in a similar manner to

its effect on myocyte growth and structure. IGF-1 promotes

Intracranial Tumor
(pituitary tumor)

transcription of certain contractile genes, and within myocyte
cells, the GH/IGF-1 axis also increases intracellular calcium
levels.'?

Vascular-related comorbidities associated with acromegaly
include hypertension, insulin resistance, and dyslipidemia.* Hyperten-
sion is seen in 30% to 45% of cases, primarily due to the antinatriure-
tic action of GH body fluid expansion, increased arterial stiffness, and
endothelial dysfunction, though the exact mechanism of which is
unclear.r® Also well documented is the role of GH/IGF-1 in insulin
resistance; the resulting hyperglycemia is reversible with normaliza-
tion of GH levels. In addition, GH acts as a regulator of lipolysis, lead-

ing to dyslipidemia.l*

4 | CLINICAL MANIFESTATIONS

A clear set of clinical manifestations arise in acromegalic cardiomyop-
athy, the most common being biventricular hypertrophy, diastolic and
systolic dysfunction, and valvular regurgitation (Table 1). Because
there is a tendency to diagnose acromegaly late due to its subtle
onset, many of these characteristic changes develop over years prior
to recognition.

The thickening of cardiac walls is a result of chronic growth stim-
ulus. This concentric hypertrophy results from an increase in cardiac
myocyte cellular width due to assembly of new sarcomeres in parallel,
a commonality between acromegalic and other types of cardiac
pathology.’®> Though the hypertrophy of both ventricular walls
increases significantly, left ventricular hypertrophy and interventricu-

lar septal thickening are most frequent, found in over half of
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FIGURE 1

Pathogenesis of acromegalic

cardiomyopathy. Abbreviations: GH,
growth hormone; IGF-1, insulin-like
growth factor 1
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TABLE1 Clinical stages of acromegalic cardiomyopathy®

Years of
Stage Active Disease Characteristics

Enhanced contractility, decreased peripheral
vascular resistance, increased cardiac output

Early <5 years

Middle >5 years Biventricular hypertrophy, diastolic

dysfunction, impaired cardiac performance

Systolic dysfunction, diastolic dysfunction
(congestive heart failure), valvular disease,
coronary artery disease, arrhythmias

Late >15 years

acromegalic patients.® The severity of these derangements is primar-
ily determined by aging and the duration of acromegaly, but it is
often exacerbated by long-standing hypertension.'”

Though many of the clinical presentations of acromegalic cardio-
myopathy are similar to the abnormalities that are produced by
chronic hypertension, multiple analyses have revealed certain effects
on cardiac morphology and function specific to acromegaly, including
impaired systolic function and increased diastolic filling time.*® The
main histological finding unique to acromegalic cardiomyopathy is the
widespread accretion of interstitial fibrosis that impairs heart archi-
tecture.)” This leads to abnormal ventricular relaxation that causes
diastolic dysfunction, though contractility and ejection fraction tend
to remain unchanged.'® Isovolumic relaxation time is commonly pro-
longed, and transvalvular (mitral and tricuspid) flow velocities are
markedly decreased.?° Similarly, a 19% increase in the likelihood of
developing regurgitant valvular dysfunction has been reported in
those with acromegaly, likely due to abnormalities in matrix regula-
tion and subsequent myxoid degeneration.?? In this regard, pathologic
aortic valve regurgitation has been found to be more common than
mitral regurgitation (20% vs 5%). 2

Abnormalities of cardiac rhythm are not as frequent as the afore-
mentioned cardiac abnormalities. Ectopic beats, paroxysmal atrial
fibrillation, and supraventricular tachycardia, sick sinus syndrome,

TABLE 2 Cardiac-related outcomes in acromegalic patients 41~>%

No. of

Author (Year) PMID

ventricular tachycardia, and bundle branch blocks are all more fre-
quent in acromegaly than in controls.'”

A literature review on pertinent clinical case series was con-
ducted to outline the major cardiac-related outcomes documented in
acromegalic patients (Table 2). The majority of these studies found
similar differentiating characteristics between those with acromegalic

cardiomyopathy and age- and sex-matched controls.

5 | DIAGNOSIS

Early recognition of acromegalic cardiomyopathy is essential given
the frequency with which diagnosis is commonly delayed. Internists
most commonly diagnose acromegaly (40%), though ophthalmolo-
gists, dental surgeons, gynecologists, rheumatologists, and sleep spe-
cialists often identify the condition independently, likely due to
recognition of the systemic manifestations of the disease relevant to
their respective areas of interest.®

Given that the early symptoms of acromegaly are not particularly
sensitive, a focused history and physical examination are the most
effective means of confirming suspicion of the condition. Rather than
relying on the assessment of comorbidities, which often appear late
in the disease, familiarization of the phenotype of the general acro-
megalic condition may be fruitful in early detection.? External mani-
festations indicative of acromegaly include macroglossia, jaw
malocclusion, sleep disturbances, ventilatory dysfunction, arthritis,
carpal tunnel syndrome, decreased libido, and menstrual abnormali-
ties.? These developments often arise subtly over time, often unbe-
knownst to the patient. Inquiries such as those concerning a changing
ring or shoe size, pain when writing, or shifting teeth, in addition to a
comparison of current facial structure to past photographs, may be
valuable in confirming clinical suspicion. A striking example of the

clinical consequences resulting from overlooking acromegaly as the

Patients Statistically Significant Differences (Compared to Controls)

lida et al (1990)

2145456 8 1: LV mass (n = 8); end-diastolic diameter (n = 5), concentric LV hypertrophy (n = 3), normal

fractional shortening of LV (n = 7)

Mercuro et al (2000)
Twardowski et al (2001)

11022178 18

—

: LV mass, isovolumetric relaxation time; unchanged EF

11926140 28 1: LV mass; ventricular premature complexes (n = 18), ventricular filling dysfunction (n = 25),

increased frequency of ectopic beats, normal LV ejection fraction

12034409 102
12030909 13
12040351 15
16584510 30

Damjanovic et al (2002)
Herrmann et al (2002)
Vianna et al (2002)
Galderisi et al (2006)

- = — —

: LV mass; heart failure (n = 10)
: Early diastolic annular velocity
: LV mass, relative wall thickness; diastolic dysfunction

: LV mass; diastolic dysfunction (impaired Doppler indexes of LV and RV diastolic function

without any difference in global systolic function)

Colao et al (2007)
van der Klaauw et al (2008) 18495693 37 1: Aortic root diameter
Kiris et al (2013) 23254835 30

17646725 57 1: LV mass, lipid levels, insulin levels

1: Left ventricular dyssynchrony

Unubol et al (2014) 24901024 28
Guo et al (2015) 26600803 108

Orosz et al (2015) 25915951 30
Sanchez-Ortiga et al (2015) 26122359 32

1: Aortic pulse wave velocity, mean platelet volume

1: LV end-diastolic and end-systolic diameter, myocardial thickness, great vessel diameter;
diastolic dysfunction, unchanged systolic function

1: LV mass, relative wall thickness; short-term beat-to-beat QT variability

1: LV mass; diastolic dysfunction, sleep apnea-hypopnea syndrome (n = 26)

Abbreviations: T or |, variable that increased or decreased in measurement; LV, left ventricle; n, number of patients; RV, right ventricle.
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etiology of heart failure is provided by the case of a 35-year-old man
with repetitive admissions for cardiac decompensation over a 15-year
period (Figure 2). When acromegalic heart failure was finally identi-
fied, eventual transsphenoidal resection of the microadenoma
resulted in normalization of hormone levels and alleviation of the clin-
ical syndrome.*

Eventually, untreated acromegaly can and will manifest into heart
failure. Most patients fail to present until the late stage of acrome-
galic cardiomyopathy, at which point systolic dysfunction is found in
conjunction with a host of the previously noted cardiac abnormalities.
Typical symptoms of right heart failure include peripheral edema,
abdominal fullness, nausea, and weight gain, whereas left heart failure
leads to dyspnea on exertion, rest, and during sleep, orthopnea, and
chest pain.® Cardiac examination may reveal third and fourth heart
sounds, pulmonary crackles, and left ventricular heave.® These signs
and symptoms are common to virtually all patients with cardiac fail-
ure (congestive heart failure [CHF]), presenting a challenge to clini-
cians to distinguish late-stage acromegalic cardiomyopathy from
other causes of heart failure. Echocardiography is the most important
noninvasive tool for confirming the presence and severity of the
aforementioned structural and functional cardiac abnormalities. How-
ever, the etiology of these abnormalities relies on specific endocrine
evidence.

Biochemical testing is based on measurement of IGF-1, the single
best test for the diagnosis of acromegaly, as elevated IGF-1 is present
in almost all acromegalic patients and has a very high sensitivity for
detecting the endocrine abnormality (concentrations are age and sex
specific).2? However, IGF-1 results must be age adjusted, as serum
IGF-1 concentrations peak during puberty and decline thereafter,
potentially misleading clinicians in classifying the elevated IGF-1
serum values of elderly acromegaly patients as normal. In addition,
some conditions may lead to falsely low IGF-1 levels, including liver
failure, renal failure, and malnutrition. Random serum GH concentra-
tions are not a useful initial diagnostic tool, because normal GH
secretion is pulsatile, diurnal, and stimulated by various factors of
daily living (fasting, exercise, stress, sleep).23 Nevertheless, dynamic
GH testing can serve as a subsequent and confirmatory test for an
elevated or equivocal IGF-1. The gold standard to confirm

acromegaly is a 75-g oral glucose tolerance test. A GH concentration
above 1 to 2 ng/mL (depending on the assay) 2 hours after ingestion
of 75 g of glucose is consistent with acromegaly.?* After biochemical
diagnosis of GH excess, the source must be determined, usually start-

ing with pituitary magnetic resonance imaging (Figure 3).

6 | MANAGEMENT

The goal of management in patients with acromegalic cardiomyopa-
thy is to cure or minimize the parent condition—acromegaly. Differ-
ent strategies for management can broadly be categorized as either
endocrine or cardiac related (see Supporting Figure 1 in the online

version of this article).

6.1 | Endocrine

As the vast majority of acromegaly is related to a pituitary adenoma,
transsphenoidal resection is the most cost-effective and permanent
treatment.?’ Surgical cure rates are highly dependent on the tumor
characteristics and the experience of the surgeon. More invasive
macroadenomas may require a craniotomy. Patients with severe acro-
megalic cardiomyopathy can potentially benefit from preoperative
somatostatin receptor ligands (SRLs) to reduce perioperative morbid-
ity, but this approach has not been well studied. Postoperatively,
medical and other adjunctive therapy (eg, stereotactic radiotherapy)
may be needed for persistent disease.

Ultimately, the goal is to lower IGF-1 concentrations to the nor-
mal gender- and age-specific reference ranges and achieve a random
GH concentration < 1 ng/mL. With a successful resection, GH levels
can normalize within hours of surgery, but IGF-1 levels require weeks
to months to normalize. Fluid retention and hyperglycemia may
resolve within days, whereas the cardiac complications require
months of treatment before improvement. Overall, about 60% of sur-
gically corrected patients can be considered cured.2

For those who are not surgical candidates, SRLs can inhibit GH
secretion and may lead to moderate tumor shrinkage. It is important
to note that SRLs are costly and can have side effects, including

FIGURE 2 Physical manifestations of acromegaly.* Patient is a 6 ft 8 in., 280-pound African American male. (A) The patient had bossing and
macroglossia. (B) Enlargement of the hands due to swelling of the soft tissue, and growth of bone, cartilage, and muscle. (C) The patient's shoe,

size 19, compared with a size-11 shoe
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Serum Levels

IGF-1

Normal
(age/sex adjusted)

A

No Active Acromegaly

A

Elevated

OGTT for GH Levels

A 4 A4

Inadequate GH

GH Suppression Suppression (> 2ng/mL)

FIGURE 3 Diagnostic algorithm for
acromegaly.*® Abbreviations: CT,
computed tomography; GH, growth
hormone; GHRH, growth hormone-
releasing hormone; IGF-1, insulin-like
growth factor 1; MRI, magnetic
resonance imaging; OGTT, oral glucose
tolerance test

nausea and hyperglycemia. Medical therapy alone can relieve acrome-
galic symptoms and control tumor growth in around 50% to 60% of
patients.?” A dopamine agonist (DA), such as cabergoline, may be
added in conjunction with an SLR or used alone in milder cases. The
newest medical therapy is pegvisomant, a GH analogue, which func-
tions as a competitive GH receptor antagonist. Whereas SRLs and
DAs inhibit GH secretion, pegvisomant prevents GH-stimulated pro-
duction of IGF-1.2% Theoretically, the higher GH levels could lead to
an increase in tumor size, but this is uncommon. However, tumor size
should be monitored at regular intervals to ensure detection of any
tumor growth.

Achieving control of GH levels has been successful in improving
prognosis; reduction of serum GH to less than 1 pg/L projects a mor-
tality rate almost identical to age-matched controls.?® IGF-1 is not an
independent prognostic indicator of mortality in acromegaly, though
normalization of serum IGF-1 is weakly correlated with a reduction in
mortality rate.?®

6.2 | Cardiac

The cardiovascular benefits of controlling and normalizing GH and
IGF-1 levels are notable. Successful surgery or pharmacological ther-
apy have been shown to significantly decrease left ventricular hyper-
trophy and improve left ventricular filling.2? Despite mitigation of

cardiac hypertrophy, cardiac systolic function is reported to be

A

Pituitary MRI

A 4 y

Normal or Small
Pituitary

Pituitary Mass

A 4

GHRH Levels, CT of
chest and abdomen

GH-secreting Pituitary
Adenoma

A 4

Extrapituitary
Acromegaly

unaffected by GH/IGF-1 suppression.>® Nevertheless, more recent
studies have shown that approximately half of patients who achieve
GH/IGF-1 control will reobtain a normal left ventricular ejection frac-
tion response at peak exercise.3!

Successful case reports have supported the use of traditional
heart failure therapy to further improve cardiovascular function, as
GH/IGF-1 control alone is insufficient. Treatment of CHF, present
in around 3% of late-stage acromegalic cardiomyopathy patients,
and involves strict volume and pressure regulation.®? These regi-
(ARBs),

B-adrenergic antagonists, diuretics, and calcium channel blockers,

mens, consisting of angiotensin receptor blockers
have normalized blood pressure and increased left ventricular ejec-
tion fraction in acromegalic patients.3® Angiotensin-converting
enzyme inhibitors (ACEi) and B-adrenergic antagonists specifically
limit fibrotic cardiac remodeling.33 Additionally, a recent preliminary
study has reported that ACEi/ARBs improve end-diastolic and end-
systolic volumes in acromegalic patients.** More severe heart failure
may require inotropic agents, parenteral diuretics, or cardiac resyn-
chronization therapy, though the use of these interventions has not
been adequately studied in acromegalic heart failure.3> Although
these treatments have been effective in improving short-term car-
diovascular status in nonacromegalic decompensated cardiomyopa-
thy, the long-term prognosis of CHF in acromegalic patients
remains poor; the mortality rate is 25% at 1 year and over 35% at

5 years.®®
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To combat the potentially life-threatening arrhythmias present in
acromegalic cardiomyopathy, implantable cardioverter-defibrillators
(ICDs) have been implemented for both primary and secondary pre-
vention of sudden cardiac death.®” However, due to the relatively
recent incorporation of ICDs as primary and secondary preventative
measures in acromegalic cardiomyopathy, there are no guidelines
regarding cardiac magnetic resonance imaging (CMR) in risk stratifica-
tion for ICDs. Given the lack of specific findings on CMR that distin-
guishes acromegalic cardiomyopathy, its utility for risk stratification
may be limited. Nevertheless, ICD implantation should occur for sec-
ondary prevention because the source of the ventricular tachycardia
often seen in these patients is myocardial fibrosis and scar as a result
of the underlying acromegalic pathology. Whether implementation of
heart failure or endocrine therapy reduces the future risk in patients
with aborted sudden cardiac arrest is unknown.

7 | PROGNOSIS

Due to the vast array of comorbidities associated with acromegaly,
the mortality rates of acromegalic patients are increased 2- to 3-fold
compared to healthy controls, and life expectancy is decreased an
average of 10 years.®® Cardiovascular disease is the most significant
contributor to increasing morbidity and mortality in this population
(>1.7 increase in standard mortality rate).3’ With acromegaly often
diagnosed late in its progression, the related cardiac complications
may contribute to the death of up to 60% of patients, and almost all
patients presenting with a history of cardiovascular disease die within
15 years.>®

8 | CONCLUSION

Acromegalic cardiomyopathy, though rare, is the leading cause of
morbidity and all-cause mortality in patients with acromegaly.
Although it affects the entire cardiovascular system, this condition is
often a challenge for clinicians, as there are few specifically identifi-
able characteristics that allow discrimination of acromegalic heart fail-
ure from other etiologies of cardiac decompensation. Current
recommendations for diagnosis and management include both endo-
crine and cardiac approaches. Re-establishing age- and sex-
appropriate levels of GH and IGF-1, in addition to addressing relevant
cardiovascular risk factors, are required to improve outcomes of

these patients.
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